Objective: Unfavourable dietary habits might explain a part of the increased cardiovascular morbidity and mortality among the lower socioeconomic groups. The aim of the study was to describe differences in dietary intake in older subjects by socioeconomic status, as indicated by educational level. Design: A cross-sectional analysis of socioeconomic status in relation to dietary intake. Setting: The Rotterdam Study. Subjects: 2213 men and 3193 women, aged 55 y and over living between 1990 and 1993 in a district of Rotterdam, The Netherlands. Methods: Dietary data were assessed with a semiquantitative food frequency questionnaire, containing 170 food items in 13 food groups. Results: In general, the dietary differences between socioeconomic groups were small. Lower educated subjects had a higher intake of almost all macronutrients compared with higher educated subjects. The total energy intake of menawomen with the lowest educational level differed from those with the highest education in the following respect: 9.60a7.54 vs 8.94a7.17 MJaday. Furthermore, fat composition was more adverse in the lower educated strata; in lower educated subjects, relatively more energy was derived from saturated fat (14.5a14.6 vs 13.8a13.8 energy%), the ratio of polyunsaturated saturated fat was lower (for men: 0.50 vs 0.55) and the intake of cholesterol higher (271a220 vs 240a204 mgaday). These differences could be explained by a higher intake of visible fat (46a37 vs 44a34 gaday) and more meat consumption (130a100 vs 116a86 gaday). In addition, the composition of these products differed: the higher educated used relatively more lean meat and lowfat milk products. Furthermore, the intake of ®bre was lower among the lower educated (1.88a2.17 vs 2.03a2.29 gaMJ). Among lower educated groups there were more abstainers (15.5a31.5 vs 12.3a26.9%) and the type of alcoholic beverages also differed between the groups. Intake of antioxidant vitamins from food alone did not differ between educational groups. Conclusions: In Dutch elderly people, there are socioeconomic differences in dietary intake. Although these differences are small, these ®ndings support the role of diet in the explanation of socioeconomic inequalities in cardiovascular health.
Introduction
Socioeconomic status has been shown to be inversely related to cardiovascular morbidity and mortality in several countries, including The Netherlands (Mackenbach, 1992; Kaplan & Keil, 1993) . To detech high risk groups and target preventive care, more knowledge about the relationship between socioeconomic status and chronic disease is needed, particularly for the increasing elderly population, because data on socioeconomic inequalities among elderly people are scarce. One explanation for variation in disease with socioeconomic status is variation in the prevalence of cardiovascular risk factors (Fox et al, 1985; Townsend et al, 1988; Kaplan & Keil, 1993) . In several studies an unfavourable cardiovascular risk pro®le, such as increased smoking or being overweight, has been reported to be more common in the lower socioeconomic strata; however, not all studies reported a universal unfavourable risk pro®le among the lower socioeconomic strata, for example the gradient with serum cholesterol is sometimes also observed in the opposite direction (Marmot et al, 1978) . Dietary habits, such as a higher fat composition or a higher energy intake, may explain another part of the increased morbidity and mortality among the lower socioeconomic groups (Bolton-Smith et al, 1991; Hulshof et al, 1991; Shimakawa et al, 1994; Popkin et al, 1996; Davey Smith and Brunner, 1997; James et al, 1998) . Several physiological, social and psychological factors have been proposed which contribute to nutritional problems in elderly people (Horwath, 1989a) . These are for example, lack of physical activity, declining absorption and metabolic capacities, drug-nutrition interactions, declining physical activity, increasing social solitude, shopping dif®culties, and poor dentition. It is conceivable that at least some of these problems are more common in the lower socioeconomic strata.
We examined the differences in nutrient intake in older non-institutionalised men and women by education, an indicator of socioeconomic status. In addition, differences in food consumption were studied as well.
Methods

Study population
The present study was carried out as part of the Rotterdam study, a prospective cohort study among 7983 persons who live in one de®ned geographic area in Rotterdam, The Netherlands. The rationale and design of the study have been described elsewhere (Hofman et al, 1991) . In summary, the objective of the Rotterdam study was to investigate determinants of chronic and disabling cardiovascular, neurogeriatric, locomotor and ophthalmologic diseases. All inhabitants aged 55 y and over of the district Ommoord in Rotterdam were invited to participate. The baseline examinations started in 1990 and continued until June 1993. The examinations comprised a home visit by trained interviewers and two follow-up visits for a clinical examination at the research centre. Of the eligible subjects, 78% (7983) were interviewed at home, and 7006 out of 7983 persons visited the research centre twice. The dietary interviews were not held with residents of homes for the elderly (n 479) nor with 122 subjects with a reduced cognitive function as measured with a neuro-psychological test (CAMCOG score`80 points; Roth et al, 1986) . In addition, participants in the pilot phase of the study (n 277) did not receive a dietary questionnaire. A further 482 persons were excluded for logistic reasons (e.g. no dietician available). For 213 persons, the dieticians judged the reported dietary intake to be unreliable. This judgement was given directly after the interview by the same dietician who did the interview. Another 27 persons were excluded because data on educational level were missing. Eventually the analyses were based on 5406 independently housed persons. The study was approved by the Medical Ethics Committee of Erasmus University. Written informed consent was obtained from all participants. Measurements Education. Information on educational level was obtained by trained interviewers during the home visit. The participants were asked about their formal education, the number of years of each type of education and whether education had been completed. From this information the highest attained level of education was de®ned. This classi®cation is similar to the Unesco classi®cation (Unesco, 1976) and contains four categories: primary education; lowera intermediate general and lower vocational education; higher general and intermediate vocational education; and higher vocational education and university.
Nutrient intake and dietary habits. Dietary data were assessed with a semi-quantitative food frequency questionnaire, containing 170 food items in 13 food groups. First, the questionnaire was left with the participants with careful instructions from the home interviewers. The subjects were asked to indicate which food items they used on a regular basis (at least twice a month). During the second visit to the research centre, frequencies and estimates of intake of selected foods were speci®ed during a 20 min interview with a trained dietician. Additionally, consistency checks of the completed dietary questionnaire were held and questions were asked about dietary habits, the use of food supplements and medically prescribed diets. The average daily intake of all food items and food groups was estimated for each person. Foods were converted to energy and nutrient intake with a computerized version of the Dutch Food Composition Table ( NEVO-tabel, 1993) . Intake of vitamin and mineral supplements was not included in the calculations of nutrient intake since brand labels of these supplements had not been recorded with suf®cient accuracy.
Data analysis
Age-adjusted (eight 5 y age groups) and gender-speci®c mean intake of nutrients and foods according to educational groups was calculated on the basis of analysis of covariance. Discrete variables were analysed by means of ageadjusted and gender-speci®c logistic regression models. Statistical tests for trend were carried out with models in which education was included as an ordinal variable (1, 2, 3 or 4). In addition, an interaction term of age with educational level was included in the model to examine whether the socioeconomic differences in dietary intake were the same for the youngest vs the oldest participants. Furthermore, the mean intake of macro nutrients according to educational groups (primary school; loweraintermediate general and lower vocational education; higher education) and age groups (younger than 65; 65 ± 74; 75 y and above) was calculated on the basis of analysis of covariance. For all analyses a P-value less than 0.05 was considered statistically signi®cant. All analyses were performed using the BMDP-package (Dixon, 1990) .
Results
General characteristics
Distributions of age and educational level of the study population are shown in Table 1 . The mean age for women was slightly higher than for men, 68 (s.d. 7) and 67 (s.d. 8) y respectively. A considerable part of the population (37%) had only attended primary school. Generally, men were educated to a higher level than women. For example, 15% of the men and 4% of the women were classi®ed in the highest educational groups. Educational level was inversely associated with age. Of subjects younger than 65, 12% were classi®ed in the highest educational group vs 6% of subjects older than 65. Table 2 presents the intake of nutrients according to educational level. In general, the differences among women were similar to those among men, but they were slightly less pronounced. Persons with the lowest educational level reported the highest intake of energy. This was due to a higher absolute intake of protein, fat and carbohydrate in the lower strata. To avoid possible distortion caused by these different energy intakes, macronutrient intake was also calculated as a proportion of energy. The protein intake as a proportion of energy was lower among the lower educated. Among women in the lowest strata Education and nutrient intake CTM van Rossum et al Education and nutrient intake CTM van Rossum et al more energy was derived from fat. The composition of fat differed across the educational groups in that the contribution of saturated fat was higher and for men the polyunsaturated-saturated fat ratio was lower in the lower strata. Also, the intake of dietary cholesterol was higher in the lower educated groups. The intake of carbohydrate in energy percentages did not differ between the educational groups. The intake of ®bre in gaMJ was on average lower in the lowest educational groups. This was due to higher energy intake instead of a lower absolute intake of ®bre (results not shown). Energy intake derived from alcohol was lower in the lower socioeconomic groups, especially for women. The intake of sodium was underestimated, as discretionary salt intake was not included. The intake of potassium from the food products was inversely related to education for men and women. Vitamin intake by food groups did not differ signi®cantly. Furthermore, higher educated persons took more vitamin and mineral supplements (0.4a0.7 and 0.7a1.3 per day for the lowest and highest educated mena women, respectively).
Nutrient intake
To test whether the educational differences change with age, we included an interaction term of educational level with age in the model. For men, the educational differences in nutrient intake lessens with increasing age (Table 3) ; interaction terms of age and education were statistically signi®cant. Generally, energy and macro nutrient intake fell with age; the exception was alcohol intake in the lowest educated groups. These decreases were more pronounced in the lowest educational groups. The changes in macro nutrients as proportions of energy were less clear. For women, the decline with age was less pronounced as for men. Also, the interaction terms were not statistically signi®cant and age-strati®ed analyses did not show substantial age-related changes in the educational differences.
Food consumption
To explain the absolute differences in nutrient intake we calculated the intakes of foods according to educational groups (Table 4) . Lower socioeconomic groups reported a higher intake of products that are high in protein, like meat and cheese (the latter only for men). As meat, visible fat (eg butter, margarine, and oils), cheese and milk products are the main sources of fat, differences in intake of these products may explain the differences in fat intake. The lower educated consumed signi®cantly more meat and, among men, also less ®sh. In addition, lower educated women used relatively more high fat meat instead of lean meat. The contribution to the total mean consumption of lean vs higher fat meat products was similar across male educational groups (results not shown). For women, the total absolute amount of visible fat was higher in the lower educational groups, but the composition was not signi®-cantly different between the socioeconomic groups (results not shown). For men, the total intake of visible fat was not different, while the proportion of polyunsaturated fatty acids was lower and the proportion of monounsaturated fatty acids was higher among the lowest educated (results not shown). Milk consumption did not differ but the lower educated consumed relatively less skimmed milk products and more semi-skimmed and fresh milk products (results not shown). The higher cholesterol intake in the lower strata may be explained by a higher intake of products that are high in cholesterol such as meat, visible fat, milk (products) and cheese. The higher intake of carbohydrate among the lower educated persons was mainly due to a higher intake of bread (women) and potatoes. This does not imply a higher ®bre intake among the lower educated, as they consumed relatively less wholemeal bread (results not shown). Furthermore, less fruit was consumed in the lower strata (Table 4 ). In addition, the lower educated subjects drank less tea and more coffee. Use of alcohol was positively related to education (Table 5) . Finally, among alcohol consumers, the type of drink varied between educational groups. Lower educated male alcohol consumers drank less wine and more beer, while higher educated women drank more wine and more medium strong alcoholic drinks.
Discussion
The main ®ndings of the present study are that nutrient intake and dietary habits vary according to education among Dutch elderly people, although these differences are small. To appreciate the ®ndings, certain aspects of the study should be considered. First, the potential of selective participation needs to be addressed. In our study population, the non-response rates were 15% and 37% for subjects younger than 65 and for those aged 75 and over, respectively. Therefore, it is likely that the study population Education and nutrient intake CTM van Rossum et al represents a relatively healthy cohort as older persons and those with health problems are less able to participate (Herzog and Rodgers, 1988; Kelsey et al, 1989) . Persons with impaired cognitive function were excluded and also the exclusion of persons with unreliable data might be related to their cognitive function. As cognitive decline and morbidity are associated with socioeconomic status and poor nutritional habits (Marmot et al, 1987; Fox, 1990) , we suspect Education and nutrient intake CTM van Rossum et al that the differences that emerged are underestimations of the real differences. As it is not likely that exclusion criteria other than cognitive function (for instance, logistic reasons) were related to educational level, they will therefore not have introduced a bias. We used a semi-quantitative food frequency questionnaire to assess the dietary intake. This method is attractive because the data are relatively simple to collect and represent intake over an extended period, which is the usual frame of interest for chronic diseases. This questionnaire is a modi®ed version of a previously validated questionnaire with a good validity and reproducibility (Willet et al, 1985; Goldbohm et al, 1994) . This modi®ca-tion concerns a different mode of administration (not with just a self-administered questionnaire) and an addition of slightly more food items that are commonly consumed by elderly people. The validity of our method was assessed with a subsample of 80 men and women aged 55 ± 75 y. The nutrient intake estimated from the food frequency questionnaire was compared with estimated nutrient intake over a total of 15 days of food records collected over a 1 y period. In short, the food frequency questionnaire was able to rank subjects adequately according to their dietary intake (Klipstein-Grobusch et al, 1998) .
The indicator education was used to measure socioeconomic status. Other available indicators of socioeconomic status, eg income and occupation, share some overlap with education (Liberatos et al, 1988) . This is con®rmed by our ®ndings (not shown). Income and occupational level, in general showed the same trends, although these were less pronounced.
Compared with Dutch guidelines, the mean intake of energy (except for the highest educated), protein, total fat (except for the highest educated women) and saturated fatty acids is too high, and the average intakes of carbohydrate and ®bre as observed in our study too low. The intake of vitamins appears to be adequate. However, the value of these guidelines, especially for the very old people may be limited, as they are based on much younger persons. So far, few data are available on optimal nutrient intake in elderly people. Some issues may be of particular importance in thè oldest old' people such as, for example, interaction of nutrient intake with medication intake, or loss of vitamins by cooking warm meals for more days. In general the dietary intake of the higher socioeconomic groups tends to be closer to the current dietary recommendations.
Previous studies in younger persons on socioeconomic differences in dietary habits also showed a lower socioeconomic status to be associated with worse dietary habits, although this association is somewhat more pronounced than in our study among elderly persons in which the absolute differences were small (Lo Èwik et al, 1989; Morgan et al, 1989; Bolton-Smith et al, 1991; Hulshof et al, 1991 Hulshof et al, , 1992 Shimakawa et al, 1994; Popkin et al, 1996) . This may be due to our study population and to the fact that survivors into old age in lower socioeconomic strata represent a relatively healthier group. In addition, these stronger ®ndings among younger persons con®rm our ®ndings among men of a decline in the differences with age.
In contrast to other studies, we hardly found differences in the intake of micronutrients and antioxidants (from food alone) between educational groups (Hulshof et al, 1992; Davey Smith and Brunner, 1997) . Possible explanations for this contrast might be our study population or the Dutch food pattern. For instance, the homogeneity in vitamin C in our study population can be explained by the traditional Dutch food pattern that contains relatively high potato consumption. Although the higher educated groups consumed more fruit, the lower educated consumed more potatoes, which also contributes a considerable part of the total vitamin C intake.
There can be several explanations for the socioeconomic differences in nutrient and energy intake. First, the dietary requirements may be different due to, for example, activity patterns, body size or basal metabolism. As the dietary requirements at younger ages are determined among other things by someone occupation, it is logical that among men the educational differences in macronutrients decline with age. At younger ages, the difference in requirements between higher and lower educated men will be much larger compared to the differences in requirements when they are retired. However, these factors probably explain only a small part of the differences in intake of energy, since our study and several previous studies have shown that obesity is inversely related to socioeconomic status (results not shown). These different requirements would, however, not explain differences in macronutrient intake as a proportion of energy. Secondly, it is likely that the socioeconomic groups have different attitudes towards foods, healthy foods, nutritional quality of conventional foods, and use of nutritional supplements (Horwath, 1989b) . Reasons for these different attitudes may re¯ect a limited knowledge about a healthy diet. This is con®rmed by the ®ndings that in higher educated groups the use of lean products, wholemeal products and supplements is more common. This is assumed to be a result of a greater awareness of the bene®ts of eating healthy products (McIntosh et al, 1990) . Attitudes towards food may be affected by a different culture within some socioeconomic classes or family, and could cluster with other lifestyle factors. In other studies, differences have been reported between the diet of smokers and non-smokers (Fehily et al, 1984) . Furthermore, the price of food products and the budget available to buy food might also play a role in the dietary habits. Differences in income could explain differences in intake of certain food groups. For example, lean meat is generally more expensive than high-fat meat. Finally, morbidity, especially among the advanced old, might explain socioeconomic differences in dietary intake. Morbidity may lead to less physical activity, or loss of appetite, which might lower the intake of energy and nutrients.
Our data show that modest socioeconomic differences in diet exist among Dutch elderly people. The biological signi®cance of each of these observed differences by education would be limited. Despite this, at population level, the effect of a modest change in a risk factor may result in a signi®cant health change in the population. In our population, in particular, this effect may be more substantial as a large proportion of people are classi®ed in the lower educated category. In addition, as dietary habits affect several biological mechanisms the cumulative effect of a more unhealthy diet among the lower educated would not be negligble.
We conclude that there are small socioeconomic differences in dietary intake among Dutch elderly people. Nutrition-related risk factors for cardiovascular diseases were more common among the lower educated as they have a diet which contains, for example, more fat, has a less favourable fat composition, contains more cholesterol and Education and nutrient intake CTM van Rossum et al less ®bre and fewer persons use alcohol. This suggests that differences in diet could play a modest role in explaining socioeconomic inequalities in cardiovascular health in elderly people. Longitudinal studies are required to assess the extent to which differences in nutrient intake result in differences in cardiovascular morbidity and mortality.
